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TUNABLE TRACKING FILTER 



5 The present invention relates in general to an integrated tuner circuit, e.g., 

for use in televisions and radios, and more particularly, to the tracking of a tuner 
filter with an arbitrary oscillator. 

Tuner technology has evolved to the point where a tuner for a television 
signal receiver, radio, etc., can now be formed on a single integrated circuit. 
1 o Currently available integrated tuners are generally application specific, i.e., the 
tuners are designed for operation using specific oscillator and intermediate (IF) 
frequencies. Thus, different integrated tuners may be required for different RF 
applications. 

The present invention provides an integrated tuner circuit with an arbitrary 
15 IF output The tuner includes an integrated circuit (IC) control loop, and matched 
external variable capacitance C t , to achieve tracking with an arbitrary oscillator. 

These and other features of this invention will be more readily understood 
from the following detailed description of the various aspects of the invention 
taken in conjunction with the accompanying drawings in which: 
2 o FIG. 1 illustrates a tuned LC band-pass filter with variable capacitance C t 

and fixed inductance L. 

FIG. 2 illustrates a variable external load capacitance Ct and the tuned LC 

band-pass filter of FIG. 1. 

FIG. 3 is a block diagram of an integrated tuner circuit including a fixed- 
25 frequency control loop for filter tracking in accordance with the present invention. 

It should be noted that the drawings are merely schematic representations, 
not intended to portray specific parameters of the invention. The drawings are 
intended to depict only typical aspects of the invention, and therefore should not 
be considered as limiting the scope of the invention. 
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A tuned LC band-pass filter 10 is illustrated in FIG. 1 . The band-pass 
filter 10 comprises a variable total capacitance Q and an inductive coil L 
arranged in parallel. The band-pass filter 10 is tuned by a tuning voltage Vtun, 
5 which is applied to a varicap diode (not shown) coupled to the band-pass filter 10. 
When L is fixed, the resonant frequency aw of the band-pass filter 10 is given 
by: 

CO tank = &>LO± Off (EQU. 1) 

or: 

10 Wtank 2 = l/LC t . (EQU. 2) 

This implies that: 

cotank 2 Q = 1/L = constant, (EQU. 3) 

which leads to: 

Q : : cW 2 - (wlo ± g>if)" 2 , (EQU. 4) 

1 5 which is the frequency-dependent relation that is needed for tracking. 

In a frequency-synthesized tuner that includes such a band-pass tuner filter 
10, the local oscillator frequency Wlo of the tuner, which is applied at a mixer, 
relates to a reference X-tal oscillator frequency cj xta i via: 

6>L0 = Ndiv/Mdiv Wxtal (EQU. 5) 

2 0 where Mdi V is a fixed-frequency-divider ratio, and N d i v is a programmable 

frequency divider. Given a fixed reference X-tal oscillator frequency o x tat» then 
EQU. 5 implies that: 

WLo::N div , (EQU. 6) 

which also implies from EQU. 1 that for zero- or low-IF: 

2 5 "tank = (wlo ± wif) :: Ndw (EQU. 7) 

For a zero-IF tuner concept, the resonance frequency Wtank of the band-pass 
filter 10 equals the local oscillator frequency o>lo of the tuner for proper tracking. 
For a near-zero IF concept aw ~Wuo and consequently, from EQU. 4: 

Q::wlo- 2 (EQU. 8) 

3 0 From EQU. 7, this leads to: 

Q::N div - 2 . (EQU. 9) 
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For a low-IF IC-concept (e.g., near-zero or zero-IF), the oscillator or 
divided oscillator frequency can, for example, be offered via a current source to an 
external load capacitor C t , which is matched with the capacitance C t in the band- 
pass filter 10. An integrated tuner circuit 20 including the band-pass filter 10 and 

5 an external load capacitor C t is illustrated in FIG. 2. The integrated tuner circuit 
20 includes an integrated circuit 22 having a control loop (not shown) for 
producing the tuning voltage Vtun- The external load capacitor Q is tuned by the 
tuning voltage Vtun, which is applied to a varicap diode (not shown) being part of 
the external load capacitor C t . Defming the voltage across the external capacitor 

10 Q as: 

u t (t) = Ndiv 2 UtCOsaj x tait, (EQU. 10) 

it follows that: 

it(t) = -co xta iQNdiv 2 Utsino) x »ait. (EQU. 1 1) 

By making i t (t) amplitude independent of Nawand Q, then: 
15 Q::N div - 2 (EQU. 12) 

Thus, the capacitance the external load capacitor C t and the capacitor Q in the 
band-pass filter 10 are both proportional to N div ' 2 . As such, in case of tracking 
between an oscillator in a zero- or low-IF frequency concept and a varicap-tuned 
LC band-pass filter 10 with fixed L and variable Q, the integrated tuner circuit 20 
20 can generate a very well defined oscillator-frequency related voltage across the 
matched load capacitor Q. Conversely, in case of no tracking, the voltage will 
deviate from the predicted oscillator frequency dependent behavior. If, in that 
case the integrated tuner circuit 20 would generate a tuning voltage Vtun for the 
capacitor C t of the band-pass filter 10 as well as the external load Q, a control 
2 5 loop can be defined such that the (frequency divided) oscillator voltage across C t 
behaves as needed for tracking. The control loop will ensure that the frequency- 
dependent behavior for the oscillator and band-pass filter 10 is the same, which 
means that band-pass filter 10 and the oscillator will de-tune with the same factor 
all the time. 

30 In the above-described approach, it is assumed that the external load 

capacitor C t is the only external load to the integrated tuner circuit 20. However, 
the integrated tuner circuit 20 will also add additional capacitive load, which will 
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Attacking errors especially at the higher end of the frequency band, whereG 
becomes small. The added capacitance (i.e., parasitic capacitance qj ■ 
detenomedhymem^dt.mercircui.iOpackageasweUasbyon-ch.p 
capaciunco. Since me va^ of can he esth^ted beforehand dn^des^ of 
Jto^tnnercircniMompensanoninme control loop 30 canbetakenmto 

"^Thepre^mventionprov^ 

for tuning the capacitance of the band-pass filter ,0 snch mat .be band-pass 
ffltol Okeepstracldn g wimavirma^ly-va ri ableosemamrf r e q uency(«. > a 
^ucncymatneednotb.presentmmeintegrateamnercircm.ZO) after 
Zml(if necessary) ^ one freqnency pomt Tne c<mtroUoop 30 rs loc^d 
witofce in te gratedmner circnit 20, while meband-pass filter 10 and — 
load capacitance Care located outeide me mtegrated tuner circuit 20. The 

5 mviewofmeahoveanalysis.meconftolloopSOhasbeendesigned.o 

p^uceasignmhavmgarelevantcomponentgivenby me express,^ 

l-Ow^VQN'C (BQU.13) 

•v.1 , is the X-tal oscillator 32 ftequency.R is a 

where a is a variable gam, Una is me a uu« 

for settingme value of N^baaheoncrmvertedintoN.becanseN^ 
rterlOstepsareaftowedte.bemnchlargerandconsequenUyNcanbehm.tedto, 
cg^sevenbitwordproportionalteNa,,. From EQU. 7, therefore: 

" Bompreviouseqnatio^^.N^ffQU.^and^^^^,)^^. 

valid andhnpUciflyan^and^depende.trelafionbe^eenNandN,. 
flws. ByprogranHningNand^accordin^y.nncldng^btamed. Incase 

of zero- or low-IF, N* -N will be sufficient for tracking. 

InBQU.n.NandCarefheonlyoscillatorfrequencydependent 

consents. Aa such, as long as UuJ =: H» =H, me capacitance Q w* be tuned 
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iW*3*c-« (EQU ' 15) 

" tt eco ntt onc O p30, to outpu t U.ofo»32is paSSe d to u^ 2 

ForexampKasiU— innG.3, a ».nalo gm »gc«cu I ,34may 
lip ^oi^c^^me.withpK.g— leg- It^abe 

tote desi K d«u™go SC ma«or ft e q uency^of t heba„d-passa««10 1 s 

Af M dbaoks^«i S provide<. to p I oducea^44^by ; 

Cofthe integrated cixeui. 20 has been provided dun^g the nrtegrated cnourt 
• ^gnpbaaeld.aasueb.C.appearsiastege^andinparanenotoexterna, 

those skffledinthe art and will n ot be presented in detaU here m . Alao.UshouW 
be a W reciated«toe X pressicnspresentedin E QUS. 1 6andl7 ffi aybe 

55 illustrated in FIG. 3. , 

Thes ig nal S 40,44presen»edin E Q U S. 1 6and 1 7 > res f «chvely,are 

com binedin M .adder46,resultinginasignal48givenby: 

-U.{1-«»<». 2 R J C)N 2 C,}. (EQU. 18) 

30 uunngvoltageV^.caseonh.Uedsnehtottoe^ssron^sentedurEQU. 
13 nlely.l W^C,- 0, is realized. Consequently, C , «*o± 
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u *f, or C, :: *o* for zero- and low-IF, which are the frequency dependent 

relations needed for tracking. 

In the present invention, the fixed-ftequency control loop 30 uses the value 

N which is approximately equal to the frequency division ratio Ndiv, for oscillator 

tuning without using the actual oscillator frequency »u, itself. In thehigh-IF case 

where the ratio N, used for tuning the hand-pass filter 10 tracking, does not 

correspond with N*(i.e.,N dl ,*N),u- band-pass filter 10 may he tunedtoa 

frequency different from the than the desired oscillator frequency *u> In this 
case.sepamteprogramnmrgterequiredforN^andN.However.afterasin^ 

augment, the frequency te which me band-pass filter 10 is tuned .s accurately 

known for each value ofN. The aUgmnentmaybe accomplished viathe viable 

value ofmeinductorLinmeband-pass filter 10. Alternately, o, in addrbon.fora 
frequency off^ between me band-pass filter !0 and me osci,,a to r frequency 
5 Ul0 , some mismatch can be given to me external load capacitance C relahve to 
tocapaci^ceCinmeband-paas filter 10. Consequenfiy, by independently 
addressing the values for N, the band-pass filter 10 can be tuned to each wanted IF 
distance from the desired oscillator frequency cu,. « shouldbe noted matfor 
non-.eroconcepte.afrequencyoffse.mayalsoberealizedby adaptation oftbe 

. 0 voltage dependency of the external load capacitance C 

As stated above, the invention is not limited to zero- or low-IF 

application, After me single frequency alignment, e.g., 
let.wimprogmmmahleNand^.thetunedlXband-passfiherlO.s tuned 

to each wanted frequency. Along mis way, fire band-pass filter lObecomesa 
25 .•frequencysynmesized-filter.wmchislockedte^loscmatorfrequency- 

No** since this frequency need not be present to the IC. 

The freedom to choose the value for N allows the present invention to 
provide a stogie integrated tuner circuit with arbitrary IF output Supradyne 

30 withfracktogusingmepresentinvention. These applications may be prowled 
"all-in-one" under software control using the same integrated tuner croud. 
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Several other features provided by the present invention should also be 
noted. For example, the parasitic capacitance C P , caused by me integrated circuit 
20 itself, can be overcompensated inside the integrated circuit 20. As such, for 
proper tracking, a capacitor Cp, needs to be externally connected to the integrated 
5 circuit Advantageously, the LC band-pass filter 10 can always be designed for 
minimum unwanted parallel capacitance and consequently maximum frequency 
range. Further, the fixed-frequency control loop 30 may use the X-tal oscillator 
frequency in the loop. This minimizes the risk of interference, since no new 
frequencies are introduced. 
10 The foregoing description of various aspects of the invention has been 

presented for purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed, and obviously, 
many modifications and variations are possible. Such modifications and 
variations that may be apparent to a person skilled in the art are intended to be 
15 included within the scope of the invention as defined by the accompanying claims. 



